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(57) ABSTRACT 

A portable TV telephone has an objective lens system 
con?gured to form an image of an object and an antenna 
con?gured to transmit and receive at least one of an image 
signal representing the image of the object, a dial signal and 
a voice signal carried by radio Waves. A display unit is 
con?gured to display at least a dial number and the image of 
the object and a sWitch is con?gured to operate responsive 
to at least the dial number. The objective lens system 
includes a diffractive optical element con?gured to at least 
correct chromatic aberration produced by the objective lens 
system. The objective lens system includes, in order from an 
object side, a ?rst negative lens unit and a second positive 
lens unit. 
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OBJECTIVE LENS SYSTEM 

This is a division of application Ser. No. 09/455,362 ?led 
Dec. 6, 1999, now US. Pat. No. 6,243,217, Which is a 
divisional of application Ser. No. 08/713,069 ?led Sep. 12, 
1996, now US. Pat. No. 5,999,327, the entire contents of 
each being incorporated by reference. 

BACKGROUND OF THE INVENTION 

a) Field of the Invention 
The present invention relates to an objective lens system 

Which uses a radial type gradient index lens element. 

b) Description of the Prior Art 
As conventional examples of lens systems having rela 

tively Wide ?eld angle and high optical performance Which 
are used, for example, as objective lens systems for 
endoscopes, there are knoWn many lens systems such as a 
lens system disclosed by Japanese Patent Kokoku Publica 
tion No. Sho 60-46410 shoWn in FIG. 1. A conventional 
example shoWn in FIG. 1 is a lens system of the so-called 
retrofocus type Which is composed, in order from the object 
side, of a front lens unit having negative refractive poWer, a 
stop and a rear lens unit having a positive refractive poWer. 
In this lens system, the front lens unit has a function to Widen 
a ?eld angle and another function to correct curvature of 
?eld by reducing a PetZval’s sum of the lens system as a 
Whole, the rear lens unit serves for suppressing production 
of spherical aberration and coma by distributing refractive 
poWers among three positive lens elements and a cemented 
lens component, and the cemented lens component corrects 
lateral chromatic aberration Which poses a problem, in 
particular, in a lens system Which has a Wide ?eld angle. 
Though this conventional example favorably corrects 
aberrations, it is composed of lens elements in a number as 
large as six, thereby posing a problem of loW producibility 
or a high manufacturing cost. Accordingly, it is expected to 
develop a retrofocus type objective lens system for endo 
scopes Which is composed of an extremely small number of 
lens elements and has a high producibility. HoWever, a lens 
system Which favorably corrects aberrations and has high 
optical performance can hardly be composed of tWo homog 
enous spherical lens elements. 

Further, an endoscope is generally equipped With a system 
for illuminating a location to be observed since it is used 
frequently for observing and photographing dark locations 
such as interiors of human bodies, aircraft engines, pipings 
and so on. In addition, an objective lens system for endo 
scopes has an NA Which is not so large for obtaining a large 
depth of ?eld. Accordingly, axial aberrations do not pose a 
serious problem, but a Wide ?eld angle and a negative 
positive asymmetrical composition as shoWn in FIG. 1 make 
it dif?cult to correct offaxial aberrations. When an objective 
lens system is to be composed of tWo negative and positive 
lens elements, it is impossible to use a cemented lens 
component as in the objective lens system disclosed by 
Japanese Patent Kokoku Publication No. Sho 60-46410 
mentioned above as the conventional example, Whereby 
lateral chromatic aberration can hardly be corrected and 
offaxial imaging performance is remarkably degraded. It is 
therefore difficult to favorably correct offaxial aberrations 
With tWo homogenous lens elements so as to obtain favor 
able offaxial imaging performance. 

It is therefore conceivable to use a radial type gradient 
index lens element Which is characteriZed in that it corrects 
chromatic aberration in particular more favorably than a 
homogenous lens element. As a conventional example of an 
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2 
objective lens system for endoscopes Which uses a radial 
type gradient index lens element and is composed of tWo 
lens elements, there is knoWn a lens system disclosed by 
Japanese Patent Kokai Publication No. Sho 52-29238. 
HoWever, this conventional example has a ?eld angle as 
narroW as 72° Which is insuf?cient for use as an objective 
lens system for endoscopes. 

Further, a lens system disclosed by Japanese Patent Kokai 
Publication No. Hei 5-107471, for example, is knoWn as a 
conventional example of an objective lens system having a 
Wide ?eld angle obtained With tWo lens elements. Though 
this example uses a radial type gradient index lens element, 
it does not effectively make use of the chromatic aberration 
correcting capability of the radial type gradient index lens 
element and does not sufficiently correct lateral chromatic 
aberration Which poses a problem in a lens system having a 
Wide ?eld angle in particular. 

SUMMARY OF THE INVENTION 

Aprimary object of the present invention is to provide an 
objective lens system Which is composed of lens elements in 
a number on the order of 2, that favorably corrects aberra 
tions and has a Wide ?eld angle. 

The objective lens system according to the present inven 
tion is characteriZed in that it comprises, in order from the 
object side, a ?rst lens unit having a negative refractive 
poWer and a second lens unit having a positive refractive 
poWer, that at least the ?rst lens unit comprises a radial 
gradient index lens element Which has a refractive index 
distribution in a radial direction of the lens element; and that 
the ?rst lens unit satis?es that folloWing condition (1): 

Wherein the reference symbols V0O and V1O represent param 
eters expressing a dispersing poWer of the radial type 
gradient index lens element Which are given by the folloW 
ing formula (b) and (c) respectively: 

(b) 

(C) 

Wherein the reference symbols Nood, NOOF, and NOOC repre 
sent refractive indices of the radial type gradient index lens 
element for the d-line, F-line and C-line respectively, and the 
reference symbols N1O d, N1O F, and Nloc) designate values of 
a coef?cient of a term r2 for the d-line, F-line and C-line 
respectively When a refractive indices of the radial type 
gradient index lens element is expressed in a form of a 
poly-nominal. In embodiments of the present invention 
Which are to be described later, refractive indices of radial 
type gradient index lens element are given by the folloWing 
formula (a): 

n(r):NUU+N1Dr2+N2Ur4+. . . (a) 

Wherein the reference symbol r represent a distance as 
measured from an optical axis in a radial direction of the 
radial type gradient index element and the reference symbol 
n(r) designates a refractive index of a portion of the radial 
type gradient index lens element located at the distance r. 

Further, the objective lens system according to the present 
invention is characteriZed in: that it is composed, in order 
from the object side, of a ?rst lens unit having a negative 
refractive poWer, and a second lens unit having a positive 
refractive poWer, that at least the second lens unit comprises 
a radial type gradient index lens element having a refractive 
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index distribution in a radial direction of the lens element, 
and that the second lens unit satis?es the following condi 
tions (1) and (3): 

(3) 

Wherein the reference symbols (1)2," represents a refractive 
index of a medium of the radial type gradient lens element 
used in the second lens unit. 

Further, it is desirable that the objective lens system 
according to the present invention described above satis?es 
the folloWing condition (2): 

Wherein the reference symbol (1)1," represent a refractive 
poWer of a medium of the radial type gradient index lens 
element used in the ?rst lens unit and the reference symbol 
4) designates a refractive poWer of the objective lens system 
as a Whole. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a sectional vieW illustrating a composition 
of a conventional objective lens system; 

FIG. 2 shoWs a diagram schematically shoWing a funda 
mental composition of the objective lens system according 
to the present invention; 

FIG. 3 shoWs a diagram schematically shoWing the fun 
damental composition of the objective lens system accord 
ing to the present invention Wherein an image surface is 
positioned in parallel With an optical axis; 

FIGS. 4 through 15 shoW sectional vieWs illustrating 
compositions of ?rst through tWelfth embodiments of the 
objective lens system according to the present invention; 

FIGS. 16A and 16B shoW vieWs illustrating a composition 
of a thirteenth embodiment of the objective lens system 
according to the present invention; 

FIGS. 17 through 21 shoW sectional vieWs illustrating 
composition of fourteenth through eighteenth embodiments 
of the objective lens system according to the present inven 
tion; 

FIGS. 22A, 22B and 22C shoW diagrams exemplifying a 
shape, before Working, of a lens element Which is to be used 
in the objective lens system according to the present inven 
tion; 

FIGS. 23A, 23B and 23C shoW diagrams exemplifying a 
shape, after Working, of the lens system Which is to be used 
in the objective lens system according to the present inven 
tion; 

FIG. 24 is a diagram shoWing an example of a stop Which 
is to be disposed in the objective lens system according to 
the present invention; 

FIG. 25 is a diagram shoWing another example of a stop 
Which is to be disposed in the objective lens system accord 
ing to the present invention; 

FIGS. 26 through 31 shoW sectional vieWs illustrating 
compositions of nineteenth through tWenty-fourth embodi 
ments of the objective lens system according to the present 
invention; 

FIG. 32 shoWs a perspective vieW illustrating an endo 
scope Which uses the objective lens system according to the 
present invention; 

FIG. 33 shoWs a side vieW of a non-?exible endoscope 
Which uses the objective lens system according to the 
present invention; 
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4 
FIG. 34 shoWs a perspective vieW illustrating a video 

camera Which uses the objective lens system according to 
the present invention; 

FIG. 35 shoWs a perspective vieW illustrating a portable 
TV telephone Which uses the objective lens system accord 
ing to the present invention; and 

FIG. 36 shoWs a perspective vieW illustrating a portable 
data input unit Which uses the objective lens system accord 
ing to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

It is desirable that an objective lens system Which has a 
relatively Wide ?eld angle for use in endoscopes, for 
example, is con?gured as the so-called retrofocus type 
composed, in order from the object side, of a ?rst lens unit 
having a negative refractive poWer and a second lens unit 
having a positive refractive poWer. 

Further, it is desirable that endoscopes, for example, 
Which are inserted into human bodies and pipings for 
observing interiors thereof use objective lens systems having 
small diameters. When the lens system according to the 
present invention is to be used as an objective lens system 
for endoscopes, it is desirable for reducing a diameter of the 
lens system to compose it by disposing a stop betWeen a 
negative lens unit and a positive lens unit. By selecting such 
a composition, it is possible to loWer heights of rays passing 
through a ?rst lens unit or a second lens unit, thereby 
reducing the diameter of the lens system. When the lens 
system has an asymmetrical composition, or is composed of 
a positive lens unit and a negative lens unit disposed on both 
sides of a top, hoWever, offaxial aberrations are apt to be 
produced in large amounts in the lens system as a Whole, or 
it is dif?cult to favorably correct lateral chromatic aberration 
in particular. For favorably correcting lateral chromatic 
aberration, it is desirable to use a radial type gradient index 
lens element Which has a more excellent characteristic for 
correcting chromatic aberration than a homogenous lens 
element. 

It is knoWn that lateral chromatic aberration LTC pro 
duced by a thin radial type gradient index lens element is 
expressed by the folloWing formula (d): 

LTD:K(¢S/ Voo+¢m/ V10) (d) 

Wherein the reference symbol K represents a constant deter 
mined dependently on a height of an offaxial ray and an 
angle of a ?nal axial ray, the reference symbol ((1)5 designates 
a refractive poWer of a surface of the radial type gradient 
index lens element and the reference symbol (4)", denotes a 
refractive poWer of a medium of the radial type gradient 
index lens element Which is knoWn to be approximated by 
the folloWing formula (e): 

q>m:31 2N1DdG (e) 

Wherein the reference symbol dG represents thickness of the 
radial type gradient index lens element. 
As is apparent from the formula (d), it is possible to 

control an amount of chromatic aberration to a desired value 
by varying V1O in the second term of the formula. 

Since the objective lens system according to the present 
invention has an asymmetrical composition, like the model 
of thin lens elements shoWn in FIG. 2, Wherein a ?rst 
negative lens unit L1 and a second positive lens unit L2 are 
disposed in that order from the object side and on both side 
of a stop S, each of the lens units refracts a ray RO coming 
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from an offaXial object point, unlike a ray RA coming from 
an axial object point, in a direction Which is the same as a 
refracted direction (downward in FIG. 2) of an incident light 
bundle. Accordingly, lateral chromatic aberration is pro 
duced in a very large amount in the objective lens system 
according to the present invention, thereby making it dif? 
cult to compose the objective lens system, in order from the 
object side, of a negative lens unit and a positive lens unit 
Which consist of tWo homogenous lens elements. 

For solving this problem or favorably correcting lateral 
chromatic aberration by adopting a radial type gradient 
indeX lens element, it is conceivable to select either of tWo 
cases: one Where the radial indeX lens element is used in the 
?rst negative lens unit and the other Where the radial 
gradient lens element is used in the second positive lens unit. 

Description Will be made of a ?rst composition of the 
objective lens system according to the present invention 
Where a radial gradient indeX element is used in the ?rst 
negative lens unit. 

For alloWing a radial type gradient indeX lens element to 
produce chromatic aberration in an amount smaller than that 
of chromatic aberration produced by a homogenous lens 
element Which has the same refractive poWer as that of the 
radial type gradient indeX lens element, it is necessary to 
form the formula (d) to satisfy the folloWing relationship: 

Wherein the reference symbol (1), represents a refractive 
poWer of the homogenous lens element on an assumption 
that it has an Abbe’s number Which is equal to that on the 
optical aXis of the radial type gradient indeX lens element. 

Since the radial type gradient indeX lens element and the 
homogenous lens element Which are compared With each 
other have the same refractive poWer, We obtain: 

From the tWo formulae mentioned above, there estab 
lishes the folloWing relationship: 

The above-mentioned condition (1) is obtained from this 
formula. 

For favorably correcting lateral chromatic aberration in 
the objective lens system according to the present invention, 
it is desirable to use a radial type gradient indeX lens element 
satisfying the condition (1) as the ?rst lens unit Which has 
the negative refractive poWer as described above. The con 
dition (1) is required for alloWing a radial type gradient 
indeX lens element to produce chromatic aberration in an 
amount smaller than that of chromatic aberration produced 
by a homogenous lens element Which has the same refrac 
tive poWer as that of the radial type gradient indeX lens 
element. If the condition (1) is not satis?ed, a radial type 
gradient indeX lens element cannot correct lateral chromatic 
aberration more favorably than a homogenous lens element 
Which has the same refractive poWer as that of the radial type 
gradient indeX lens element. 
When a radial type gradient indeX lens element is to be 

used for correcting lateral chromatic aberration, it is 
necessary, as apparent from the formula (d), to take into 
sufficient consideration not only a value of V1O but also 
refractive poWers of a surface and a medium. For reducing 
an amount of lateral chromatic aberration to be produced by 
the ?rst lens unit in the objective lens system according to 
the present invention, it is desirable from the formula (d) to 
meet the folloWing equation: 
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6 
By using a total refractive poWer of a surface and a 

medium (1)6 (=q>s+q>m) in this formula and developing it, We 
obtain: 

Since the Abbe’s number V0O of a radial type gradient 
indeX lens element ordinarily has a value on the order of 30 
to 80 on an optical aXis and the ?rst lens unit has the negative 
refractive poWer, the condition (1) required for correcting 
chromatic aberration can be transformed as folloWs: 

It is desirable as understood from this formula that a 
medium has a negative refractive poWer. Taking into con 
sideration this fact and the requirement to correct lateral 
chromatic aberration favorably in the objective lens system 
as a Whole, it is desirable that a radial type gradient indeX 
lens element Which is to be used in the objective optical 
system according to the present invention is made of a 
medium having a refractive poWer (1)1," satisfying the above 
mentioned condition 
When a ratio of a refractive poWer of a medium of the ?rst 

lens unit relative to a refractive poWer of the objective lens 
system satis?es the condition (2), it is possible to correct 
lateral chromatic aberration favorably in the objective lens 
system as a Whole. If the upper limit of —0.02 of the 
condition (2) is exceeded, a medium of the radial type 
gradient indeX lens element Will have a Weak refractive 
poWer, thereby undesirably making it dif?cult to correct 
lateral chromatic aberration favorably in the objective lens 
system as a Whole. If the loWer limit of —0.5 of the condition 
(2) is not satis?ed, in contrast, a medium Will have too strong 
a refractive poWer, thereby overcorrecting lateral chromatic 
aberration. 
The objective lens system according to the present inven 

tion Which has a second composition is composed of a ?rst 
lens unit having a negative refractive poWer and a second 
lens unit having a positive refractive poWer; a radial type 
gradient indeX lens element being used in the second lens 
unit having the positive refractive poWer; and the radial type 
gradient indeX lens element used in the second lens unit 
having a refractive indeX expressed by the above-mentioned 
formula (a) and satisfying the folloWing conditions (1) and 
(3): 

(3) 

Wherein the reference symbol (1)2," represents a refractive 
poWer of the gradient indeX lens element Which is used in the 
second lens unit and the reference symbol 4) designates a 
refractive poWer of the objective lens system as a Whole. 

Since lateral chromatic aberration is produced in a very 
large amount in the objective lens system as a Whole as 
described above, it is dif?cult to compose the lens system, in 
order from the object side, of tWo negative and positive 
homogenous lens elements. When a radial type gradient 
indeX lens element is to be used in the second lens unit for 
solving this problem or favorably correcting lateral chro 
matic aberration, it is desirable to con?gure this lens element 
so as to satisfy the condition (1) mentioned above. 
The condition (1) is required for alloWing the radial type 

gradient indeX lens element to produce chromatic aberration 
in an amount smaller than that of chromatic aberration 
produced by a homogenous lens element Which has the same 
refractive poWer as that of the radial type gradient indeX lens 
element. 












































